Objective: To determine the plate waste, energy and selected-nutrient intake, from elderly residents living in a high-level care (HLC) and low-level care (LLC) facility. Design: Three, single, whole day assessments of plate waste, energy, and selected nutrients, using a visual rating plate waste scale. Setting: Long-term residential care establishment. Subjects: One hundred and sixty-nine (93 HLC and 76 LLC) individual daily intakes. Main findings: The mean energy wasted throughout the whole day was 17%. The energy wasted from main meals (16%) was significantly less than the energy wasted at mid-meals (22%, P ¼ 0.049). The lowest mean energy wastage occurred at breakfast (8%) compared to lunch (22%) and dinner (25%, Po0.001). The mean (s.d.) daily energy served and consumed was 8.1 (2.0) and 6.6 (2.2) MJ, respectively. There was no difference in energy served or consumed between HLC and LLC residents. On the observation day, 60% of residents consumed less than their estimated energy requirement. The mean calcium intake was 796 (346) mg, and the median (inter-quartile range) vitamin D intake was 1.78 (2.05) mg. Conclusion: On 1 day, more than half the residents surveyed were at risk of consuming an inadequate energy intake, which over-time, may result in body weight loss. Although wastage was not excessive and energy served was adequate, the amount of food eaten was insufficient to meet energy and calcium requirements for a significant number of residents and it is not possible to consume sufficient vitamin D through food sources.
Introduction
The ageing process results in a reduction in skeletal muscle mass and body weight (Dey et al., 1999; Dziura et al., 2004) . Throughout adult life, a reduction in food intake occurs, which may be due to reduced physical activity, dementia or depression. In addition, loss of lean body mass occurs, which reduces resting energy expenditure and energy requirements (Bales and Ritchie, 2002) . When energy requirements are not met owing to difficulties in self-feeding, poor mobility (Berkhout et al., 1998) , dementia (Stewart et al., 2005) or reduced appetite (Mowe and Bohmer, 2002) , body weight declines. Loss of body weight and muscle mass have been associated with risk of hip fracture (Patterson et al., 1992; Langlois et al., 1996 Langlois et al., , 1998 , reduced mobility (Bannerman et al., 2002; Schmid et al., 2003) and increased mortality (Dwyer et al., 1987; Ryan et al., 1995) .
Dietary recommendations for the Australian population recommend an estimated energy requirement (EER) for females over 70 years of age that is approximately 10% less than estimated for younger people of equivalent body weight and physical activity level (NHMRC, 2006) . Elderly people have a higher daily requirement for some micronutrients such as calcium and vitamin D; however, the likelihood of meeting these requirements is reduced when energy intake is low, increasing the risk of micronutrient deficiencies (Morley and Silver, 1995; Ryan et al., 1995) .
Among Australian aged care residents, the mean energy, calcium and vitamin D intakes from main meals has been found to be low: 4.3 MJ (1028 kcal), 400 mg and 1 mg, respectively . Similarly, among aged care residents overseas, energy intakes have been found to range between 4.7 and 6.9 MJ (1130 and 1640 kcal) (Johnson et al., 1995; Akner and Floistrup, 2003; Schmid et al., 2003) ; with calcium intakes ranging between 458 and 660 mg (Barr et al., 1984; Johnson et al., 1995; Wendland et al., 2003) ; and vitamin D intakes between 3.3 and 5.2 mg (Johnson et al., 1995; Akner and Floistrup, 2003) .
The type of food served in aged care facilities may also contribute to reduced food intake and more food wasted, which has ranged from 21% in residential aged care to 22 and 28% in hospitalized patients (Almdal et al., 2003; Dupertuis et al., 2003) .
Although only a few studies have investigated energy and nutrient intakes in aged-care facilities, it is evident that residents of these facilities are at a greater risk of consuming inadequate amounts of energy and micronutrients. We aimed to determine, in one institution that included residents from both high level care (HLC) and low level care (LLC): (i) the dietary intake of energy, protein, calcium and vitamin D from the total amount of food and drink consumed on 1 day and (ii) the amount of food wasted by individual residents. We hypothesized that the mean energy and nutrient intakes within this aged care facility will be lower than the recommended estimated average requirements (EAR) for this age group.
Methods
A cross-sectional study of individual, single day, dietary intakes, food wastage and anthropometric measurements, was conducted at three separate time points, over a 6-month period in a residential aged care facility. Residents were recruited from Barwon Health, Victoria's largest, regional health-care provider. It provides 758 in-patient beds; with the aged care facility providing 260 HLC nursing home beds and 106 LLC hostel beds. Those in specialist facilities for dementia (n ¼ 48), rehabilitation (n ¼ 50) and palliative care (n ¼ 30) were excluded. All residents who were able to consume food orally were eligible to participate in the study (LLC: n ¼ 106; HLC: n ¼ 228).
Ward selection and design
Six hostels (LLC) and three wards (HLC) were selected as being generally representative of the range of levels of dependency across the facility. HLC residents require more assistance with feeding, are less mobile, and have a higher dependency in daily living activities compared with those in LLC. Residents surveyed included those consuming the range of food texture modifications -normal, soft/minced or pureed -and those requiring different levels of assistance with feeding. All residents within each hostel/ward were included unless they were absent for one or more of the meals, ensuring no selection bias within each hostel/ward. Age, body weight and gender were recorded from the medical records. Food intake and plate waste from the residents were assessed, beginning at supper on 1 day and continuing through to dinner on the following day. On three separate occasions, over a 6-month period, individual daily intakes were assessed. On each occasion, one HLC ward and two LLC hostels were assessed. During this period, full-cream milk, fortified with protein, calcium and vitamin D (containing/100 ml: 270 KJ energy, 7 g protein, 200 mg calcium and 5 mg cholecalciferol) was supplied intermittently to three LLC hostels and two HLC wards for a period up to 16 weeks. One LLC hostel was assessed twice at both the first (n ¼ 17) and third (n ¼ 19) time points. The same menu was provided throughout the period during winter and summer.
The survey was approved by the human research ethics committees of Barwon Health and Deakin University.
Inclusion/exclusion criteria
All residents who were present for all three main meals and mid-meal snacks, and who ate orally were included. For this study those who had been identified as being at nutritional risk and had been prescribed supplemented drinks, were not included.
Food monitoring
For each resident, information was collected on diet type (normal, diabetic, high fibre, high protein etc.), thickened fluid level, meal serving size, diet texture (regular, soft/ minced, pureed, cut up) and eating dependence and use of supplemental drinks. Plate waste surveys were completed over a 24-h period, where all food and drink intakes from main meals and mid-meal snacks were monitored. Each resident had a unique code number to identify his/her individual food intake over the whole day. Following each main meal, the resident's meal tray name card was replaced with a card specifying their individual code number. The food waste remaining on each individual's plate was digitally photographed and saved. For mid-meal drinks, stickers with the resident's initials, code and type of mid-meal served (i.e. morning tea, afternoon tea or supper) were made and placed on each resident's mug. A validated visual plate waste method ('all left', 'mouthful eaten', '3/4 left', '1/2 left', '1/4 left', 'mouthful left' and 'none left') (Sherwin et al., 1988) was used to record food waste immediately after the meal for each food item served; drink waste was continually monitored until the next main meal. Mid-meals were provided at specific times of the day, and outside those times, residents could specifically ask for additional food or drink if they desired. On the survey days, we only observed a few residents from LLC consuming drinks outside these times and this intake was documented.
Menu characteristics
Residents selected lunch and dinner food items from the continuous 14-day menu, 7 days before the specific meal day. There was no change in menu items over the survey period. Residents could change their meal choices up to 1 day before the menu day. At lunch and dinner, soup was always offered, followed by a choice between two hot main meals, or a salad, or sandwiches (e.g., Figure 1 ). A main dessert was also offered either alone or accompanied by condiments such as custard, yoghurt or ice cream. Breakfast was served at each ward (HLC) or hostel (LLC), where residents could choose daily from cereal or porridge (made at Geelong Hospital and delivered to each ward/hostel with the preceding dinner meal), orange/apple juice, tea or coffee and an option of white or whole-meal toast with jam or spread. For mid-meal snacks, residents were asked at the time of presentation which foods they desired such as dry biscuits and cheese, plain sweet biscuits or cream biscuits. Tea, coffee, chocolate, strawberry or malt-flavored milk drinks; juice and cordial were available at any time throughout the day. Of the three plate waste survey occasions, some of the residents assessed during the first and third plate waste surveys were consuming calcium-vitamin D fortified milk. The median (inter-quartile range) vitamin D intake on each of the three plate waste surveys was 1.85 (2.69)mg, 1.79 (2.41)mg and 1.86 (1.92)mg, respectively (with no significant difference between time points).
From this menu (Figure 1 ), dishes that contained more than 25% of energy as protein were pasta bolognaise, braised pork, grilled fish, sausages with gravy, lamb casserole, stir-fry beef and vegetables and tuna salad. Foods containing more than 100 mg of calcium/100 g were milk (trim and whole milk), ice cream (regular and low fat) and custard sauce. The bread and butter pudding was the only menu item that contained more than 1 mg of vitamin D/serve. The margarine that was used in cooking from the hospital was claimed to contain 10 mg vitamin D/100 g and the margarine spread on bread at the wards/hostels claimed 7 mg vitamin D/100 g. Menus on different survey days supplied similar amounts of energy, protein, calcium and vitamin D (data not shown).
Serving sizes
To obtain an average serving size, all foods on the survey days were weighed (Utility electronic scale; made in China for Propert Australia Ltd) at least twice, to the nearest 1 g, by the food service coordinator at Geelong Hospital, Barwon Health; or by trained researchers at Deakin University. Where there were three serving sizes for each item (small, medium or large), each serving size was weighed and the weight was used to calculate the amount wasted. For items not weighed (n ¼ 11) for example gravy/meat sauce, mid-meal biscuits/ cheese, bananas and prunes, standard serving sizes from Food Works, version 3 (Xyris Software; Brisbane, Australia) were used.
Plate waste and dietary intake assessment Energy intake and nutrient intake was calculated from estimating the amount of food consumed through visual assessment of individual food item waste. The amount of food consumed was estimated from the known standard serving size weights of food items, minus the estimated amount wasted. This visual plate waste method has been previously validated (Sherwin et al., 1988) The nutrient intake was calculated using the computer package Food Works, version 3, using the appropriate Australian food composition database. Values for vitamin D content were added to the database using data from British food composition tables and American food standards data (Paul and Southgate, 1979; Fraser, 1990; Agricultural Research Service, 2004) .
Energy and nutrient requirements
Energy and nutrient reference values (NRV) (NHMRC, 2006) were used to establish energy and nutrient requirements. The EER for each individual was calculated according to their age, body weight and physical activity level (Schofield equation). For males, the EAR for protein was calculated as: 0.86 g kg body weight, and for females as 0.75 g kg body weight. The EAR for calcium and folate was 1100 mg and 320 mg, respectively. The adequate intake (AI) for vitamin D was 15 mg for those over the age of 70 years. These values were used to assess nutritional adequacy.
Statistical analysis
Statistical analysis was performed using SPSS for Windows (SPSS Inc., Chicago, IL, USA; release 11.5.2.1). Log10 transformations were used to normalize skewed data. Independent and paired samples t-tests were used to identify differences in energy and nutrient intakes between groups. Median and inter-quartile ranges were calculated for vitamin D as the data were not normally distributed. The a level for significance was set at Po0.05.
Results

Subjects
One-hundred and sixty-nine individual intake days (HLC wards (n ¼ 93) and LLC hostels (n ¼ 76)) were included. Of these individual intake days, 18 residents were included who were measured on two occasions.
The nutritional status among a sample of 115 residents within the aged care facility had been previously assessed. Of those assessed, the mini nutritional assessment (MNA) could be performed on 65% (n ¼ 75), the remainder were cognitively impaired (28%) or non-compliant (7%). According to the MNA, 16% (n ¼ 12) were malnourished (MNA score o17), and 37% (n ¼ 28) were at risk of being malnourished (MNA score 17-23.5). Figure 1 Survey menu for lunch and dinner in HLC and LLC tea, coffee and other beverages were available at any time.
The percentage of males (31%) and females (69%) from the current survey was similar to the percentages of males (32%) and females (68%) from the whole facility. The mean (s.d.) age was 83.3 (8.5) years, and the mean body weight was 64.7 (13.3) kg (Table 1) . Males were heavier than females (mean7s.e.m., 69.271.6 kg vs 62.771.2 kg, P ¼ 0.003). The proportions of residents on special diets were similar in the survey population (Table 1 ) and in the total population (data not shown).
Energy served
During the observation days, a mean of 8.1 (2.0) MJ (1935 kcal) was served to all residents ( (Figure 2) . There was no difference in energy intake between males (6.970.4 MJ) and females (6.570.2 MJ, P40.05). There was also no difference in energy or nutrient intakes between those requiring feeding assistance (6.470.4 MJ) and those who could feed independently (6.670.2 MJ, P40.05).
Nutrient intake
Mean protein, calcium, folate and vitamin D intakes for the whole group are reported in Table 2 . Males had a higher intake of protein (7074 vs 6272 g, P ¼ 0.026) and zinc (9.470.6 vs 7.770.3 mg, P ¼ 0.003) compared with females, respectively. Twenty-six per cent of residents were consuming less than the EAR for protein, and 86% consumed less than the EAR for calcium intake (Figure 2 ). Vitamin D intake was not normally distributed and the median daily vitamin D intake was 1.78(2.05) mg.
Meal wastage
The mean energy wasted over the whole day was 17%. There was no difference in the wastage at each meal between HLC and LLC, or between males and females. Most energy was wasted at mid-meals (22%, P ¼ 0.049, Figure 3 ). The mean percent energy wasted was least at breakfast (8%) compared with lunch (22%, Po0.001) and dinner (25%, Po0.001). Similarly, the mean percentage of food weight wasted was least at breakfast (9%) compared with lunch (22%, P ¼ 0.001) and dinner (25%, o0.001).
Main meals
Less food by weight was served at breakfast (549714 g) compared with lunch (762714 g, P ¼ 0.032) and dinner (749716 g, Po0.001). Similarly, less energy was served at Mid-meal snack intake Overall, 83% (n ¼ 140) consumed a mid-meal snack. The mean intake of energy from these mid-meals was 923 (844) kJ (220 kcal) ( Table 2) . Mid-meals contributed to 14% of the mean total daily energy intake.
The opportunity to consume mid-meal snacks was provided on three occasions to all residents at morning tea, afternoon tea and supper. Residents who had eaten only small portions of their prior main meal were encouraged by staff to consume the snacks provided at these times. Generally, on only two of the three occasions when midmeals were provided did the residents consume food or drink. There was no difference in total daily energy intake between residents who consumed mid-meal snacks and those who did not. However, consumption of a mid-meal snack resulted in a higher intake of calcium (835729 mg) compared with no snacks (608752 mg, P ¼ 0.001).
Discussion
Energy intake
The mean daily energy intake was 6.672.2 MJ (1576 kcal) with 60% consuming less energy than their estimated individual requirement, based on their age, body weight and physical activity level (NHMRC, 2006) . Although we only estimated single-day intakes, it is likely that the usual energy intake is less than the requirements for a significant number of residents, which if maintained over the long term would result in weight loss. The mean daily energy intake was 1.1 MJ (262 kcal) higher than the 5.5 MJ (1314 kcal) reported among 80-year-old institutionalized Canadian women (Barr et al., 1984) , and similar to the 6.9 MJ (1648 kcal) reported among elderly, multi-diseased, institutionalized Swedish men and women of similar age (Akner and Floistrup, 2003) . The elderly are a heterogeneous group with respect to age and physical activity levels and consequently have different energy requirements; methodological differences may explain the large variations in intake between studies.
The mean energy intake derived from main meals was 4.7 MJ (1123 kcal). These figures are intermediate compared with a previous study of HLC (3.9 MJ, 932 kcal) and LLC (5.2 MJ, 1242 kcal) residents . However, the mean energy served to our residents from main meals was only 7.4 MJ (1768 kcal) and this was higher than the energy served in that previous study . Although the amount of energy served within aged care facilities appears to be sufficient, and wastage not excessive, mean energy and nutrient intakes did not reach recommended levels. Poor dietary intakes may be a result of reduced energy requirements owing to increasing age; resulting in a loss of lean body mass coupled with reduced physical activity. It appears that residents lack the motivation to consume larger quantities of food. Other changes that influence food intake may also include loss of appetite, alterations in the taste and smell of food (Murphy et al., 1990) , poor oral health (Krall et al., 1998) , dementia (White, 1998) and the reduced drive to consume food (Donini et al., 2003). A strategy to increase energy and nutrient intake in this population might be to supply energy-dense or nutrientspecific supplements, as these have been shown to improve energy intakes and reduce weight loss (Fiatarone Singh et al., 2000; Lauque et al., 2000) and increase micronutrient intakes (Devine et al., 1996) in elderly people, at least in the short term. Another strategy that is generally overlooked is making environmental changes to the way that food is served and presented, as environmental improvements have been found to reduce weight loss in aged care facilities (Nijs et al., 2006) .
Nutrient intake
The mean protein intake was 64 g, with 26% (12% males, 14% females) not meeting the EAR. Other reported studies have found lower mean intakes: 47 g in aged care residents , 40 g in 80-year-old institutionalized women (Barr et al., 1984) and 45 g in elderly hospitalized patients (Barton et al., 2000) . In these latter two studies, 30% (Barr et al., 1984) and 68% (Barton et al., 2000) , respectively, of protein was wasted, compared with the 23% wasted in the present survey. The protein-rich foods (e.g. meat, pasta and fish) that were offered at dinner and lunch were well accepted, with little wastage and accounted for the higher protein intakes.
The mean daily calcium intake was 796 mg, which is higher than that reported in similar studies (Pasco et al., 2000; Nowson et al., 2003; Wendland et al., 2003) . Although this figure is about 2/3 of the EAR (1100 mg), only 14% consumed at least the EAR for calcium. The high calcium foods were included in the daily menu for all survey days (e.g. custard, milk in beverages, ice cream) and these foods made a significant contribution to calcium intake.
The median vitamin D intake was 1.78 mg. This intake was much lower than 15 mg recommended as the AI in Australia for those over the age of 70 years (NHMRC, 2006) . This low intake is similar to other similar studies and less than free-living persons aged 65 years and over in Australia (Bannerman et al., 2001) ; and similar to the estimated average dietary intakes for Australian men, which is less than 3.0 mg/day (Nowson and Margerison, 2002) . It is an unrealistic expectation to meet the AI for vitamin D through dietary sources alone; particularly as, in Australia, margarine is the only food mandatory fortified with vitamin D, and fortification in low-fat milk products is voluntary. In our study, fortified milks were only consumed on two of the three plate waste survey occasions and there were insignificant levels of vitamin D in the other foods consumed resulting in median intakes less than 2 mg/day.
The EAR for folate (320 mg) was met by only 21% of residents. Low intakes have similarly been found among Spanish institutionalized (207 mg) (Garcia-Arias et al., 2003) and institutionalized women on a regular (281 mg) and pureed (214 mg) textured diet (Johnson et al., 1995) . From the menu, there were limited opportunities to consume foods with high folate content such as green vegetables or fruit, resulting in the low intakes.
Food wastage
Mean energy wastage was lowest at breakfast, compared with lunch and dinner. This may be due to a smaller amount of food being served and this did not result in a higher intake of energy compared with lunch and dinner. Mean wastage was highest at lunch and dinner, even though more food was served and consumed at these meal times. Overall, 17% of energy from food was wasted; this appeared to be lower than other reported levels of waste in elderly residential care and among hospitalized patients (Almdal et al., 2003) which ranged form 22 to 28%. Food and drinks consumed at mid-meal snacks contributed to approximately one-sixth (14%) of the total energy intake, which is similar to previous studies representing 19 and 17% of total daily energy intake (Dreon et al., 1988; Bellisle et al., 2003) . Similar to Bellisle et al. (2003) , we did not show a difference in total energy intake when snacks were consumed. However, Gall et al. (1998) found that among elderly hospitalized patients, the provision of energy and proteinrich snacks increased their overall energy intake. Therefore, there is the possibility that consumption of fortified, nutrient-rich snacks could potentially increase energy and nutrient intake.
We only documented intake over 1 day, which provided a snapshot of food normally served and consumed. Furthermore, the different days assessed during this survey did not cover all the foods provided over the 14-day menu cycle. Assessment of dietary intake for a longer period would be required to provide information on long-term intake. It should be recognized that we did not make any adjustments to remove the day-to-day variability of food intake (Barr et al., 2002) as we do not have any reliable estimates of day-to-day variability in this population. As such, it is likely that we have overestimated the prevalence of nutrient inadequacy (Barr et al., 2002) . However, compared with younger age groups, the elderly institutionalized are likely to have more stable eating patterns, owing to standard menu cycles, structured meal times, and limited food choices.
We found that the amount of food wasted by residents in this survey was not excessive and tended to be less than that seen in other studies. Compared with other institutions, more food was served in the present survey, yet 60% of this group were still consuming inadequate energy intakes. In addition, the intake of dietary vitamin D was very low. Exposure to sunlight remains the major source of vitamin D, yet access to sunlight is difficult for many residents in aged care. As a result, deficiency of vitamin D appears to be common in Australian residential care facilities (Stein et al., 1999; Flicker et al., 2003) . Therefore, our data indicate that the majority of residents were consuming less than the recommended intake of calcium, a significant number consuming insufficient amounts of energy and folate; however, only a minority of residents were consuming inadequate amounts of protein. It is not possible to meet dietary vitamin D recommendations from the Australian food supply and supplements are required to meet recommended levels of intake. The provision of energy-dense meals may be the first approach to increase energy intake with the fortification of food to increase micronutrient intakes. If this approach was combined with positive environmental changes, this may result in a higher intake of food and therefore energy and nutrient intake over a sustained period of time.
